In recent years, Goodell .
[1] discovered that there was a small population of cells with relatively weak staining when marrow cells were stained with Hoechst 33342 DNA dye and further assayed by flow cytometry. This population of cells had the abilities of selfrenewal and differentiation to a certain degree and had stemcelllike characteristics. This small population of cells with relatively weak staining was referred to as side population cells (SP cells). SP cells have been found in many adult tissues, in embryos, and in tumor cells [2] . High expressions of the molecular markers of cancer stem cells (CSCs) and ABCG2/BCRP1 are often found in SP cells. In addition, SP cells have strong oncogenic abilities similar to CSCs. Also, SP cells have strong resistance to various chemotherapeutic drugs. Patients with small cell lung cancer (SCLC) account for 20% 25% of the total cases of lung cancer. Although SCLC is sensitive to chemotherapy and radiotherapy, recurrence and distant metastasis easily occur. The 5year survival rates of patients with limitedstage SCLC and extensive SCLC have been reported as only 7% [3] and 1% [4] , respectively. In the CSC theory put forth in recent years, very few CSCs lurking in most tumors are considered to be the roots of tumor recurrence and metastasis [5] . Currently, most researchers believe that SP cells contain plenty CSCs, so CSCs could be investigated through SP cells where the molecular markers of CSC is otherwise unknown [6] . This study sorted SP cells from the human SCLC cell line H446 and identified their stemcelllike characteristics. The molecular markers of SCLC stem cells were also explored. RPMI1640 medium, fetal bovine serum, and TRIzol were purchased from GIBCO. Recombinant epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF) were provided by PeproTech EC. RPMI1640 medium containing 15% fetal bovine serum was used as a serumsupplemented medium (SSM). Fetal bovine serumfree RPMI1640 medium containing 20 ng/mL EGF and 10 ng/mL bFGF was used as a serum free medium ( SFM) . Hoechst 33342, PI, and MTT assays were purchased from SigmaAldrich. Verapamil was the product of Tocris Bioscience . H446 cells in the logarithmic phase were selected. After the original culture medium was discarded from the culture dish, 2 mL RPMI1640 medium containing 2% fetal bovine serum was added. Then, Hoechst 33342 was added at a final concentration of 5 滋 g/mL and incubated at 37益 for 90 min. After cells were rinsed with phosphate buffered saline (PBS) twice, 1 mL RPMI1640 medium containing 2% fetal bovine serum was added. A volume of 5 mmol/L CFSE, which was dissolved in dimethyl sulfoxide (DMSO), was diluted with PBS to a concentration of 5 mmol/L. Then, 1 mL of the diluted CFSE was added to the culture dish and incubated at 37益 for 15 min. After the cells were rinsed with PBS containing 2% fetal bovine serum cooled at 4益 twice, the cells were observed under an inverted fluorescence microscope . Hoechst 33342 stained negative cells had no or relatively weak blue fluorescence . Five visual fields (伊 100) were randomly selected, and 100 cells were counted in each field. Finally, the percent of Hoechst 33342 negative cells was calculated according to the following formula:
Percent of Hoechst 33342 negative cells = number of Hoechst 33342 negative cells / number of CFSE positive cells 伊 100%.
Cells in the logarithmic phase were selected to prepare the single cell suspension at a density of 1 伊 10 6 cells/mL. The experimental and control tubes were set up. Verapamil was added into the control tube at a final concentration of 100 滋 g/mL and incubated at 37益 for 20 min in a water bath. Then, to both the experimental and control tubes, Hoechst 33342 was added at a final concentration of 5 滋 g/mL. Cells were incubated at 37益 for 90 min in a water bath, shaken and mixed once every 15 min. Subsequently, cells were centrifuged at 4益 for 5 min to discard the supernatant fluid. After rinsing with cooled PBS containing 2% fetal bovine serum twice, cells were resuspended in cooled PBS containing 2% fetal bovine serum. PI was added at a final concentration of 1 滋 g/mL 30 min before detection to remove the interference of dead cells. Finally, SP and NSP subpopulations were sorted by flow cytometer. The entire experiment was carried out in a dark room. Some SP and NSP cells were immediately sorted again to perform purity detection.
The sorted SP and NSP cells were first cultured with SSM. SP and NSP cells in the logarithmic phase were collected through rinsing with PBS and trypsinization, and then suspended in SFM. Subsequently, SP and NSP cells were seeded in SFM in culture flasks (1:1 inoculation), and then cultured at 37益 in an incubator with 5% CO 2 . Finally, the formation of tumor cell spheres was observed.
Total RNA was extracted from the 1 伊 10 6 sorted SP and NSP cells using TRIzol. An amount of 5 滋 g of total RNA was used to perform the reverse transcription reaction using the reverse transcription kit according to manufacturer instructions. PCR was carried out in a total volume of 20 滋 L comprising 10 滋 L 2 伊 PCR mix, 1.0 滋 L cDNA template, 1.0 滋 L forward primer (10 滋 mol/L), 1.0 滋 L reverse primer (10 滋 mol/L), and 7 滋 L double distilled water (ddH 2 O). PCR was performed as follows: denaturing at 94益 for 5 min, followed by 35 cycles at 94益 for 30 s, annealing at 55益 for 30 s ( suitable for ABCG2, nucleostemin, CD133, and GAPDH genes), extension at 72益 for 30 s, and then a final extension at 72益 for 10 min. Electrophoresis was performed on 8 滋 L of the amplified products in 1%2% agarose gel at a constant voltage of 80 V for 30 min. After the gel was stained for 10 min using ethidium bromide (EB), the detection and photographing were performed through a gel imaging system. Primers were designed using the Primer Premier 5.0 software, and synthesized by Shanghai Sangon Biological Engineering Technology & Services Co. Ltd. Primer sequences are listed in Table 1 . The quantitative PCR was carried out in a total volume of 50 滋 L comprising the matching realtime PCR lyophilized powder, 1.0 滋 L cDNA template (1:100 dilution), 2.0 滋 L forward primer (10 滋 mol/L), 2.0 滋 L reverse primer (10 滋 mol/L), and 45 滋 L water treated with diethyl pyrocarbonate (DEPCH 2 O). Quantitative PCR was performed as follows: denaturing at 94益 for 5 min, followed by 40 cycles at 94益 for 30 s, annealing at 55益 for 30 s ( suitable for CD133, ABCG2, nucleostemin, and GAPDH genes), extension at 72益 for 30 s a nd fluorescence collection, and then plotting of the melting curve s at 60益. The 2 驻 驻 CT method [7] was used to analyze the cycle threshold ( t) values of the target and internal control gene s in SP and NSP cells. The data in the NSP cell group were normalized as 1, and the relative differences of expression of each gene in SP and NSP cells were calculated. SP, NSP, and unsorted (TOTAL) cells were seeded into a 96well plate at a density of 1000 cells/well, and 5 duplicate wells were set up for each group. In the blank control group, only complete medium was added. Nine duplicate 96well plates were set up. Cells were cultured for 19 days, and one plate per day was used to perform the MTT assay. In the MTT assay, 20 滋 L MTT (5 mg/mL) was added and incubated at 37益 for 4 h. Then, 150 滋 L DMSO was added, and the plate was gently shaken at room temperature for 30 min. Finally, the absorbance ( ) value at 570 nm was measured on a fully automated enzymelinked fluorescent immunoassay meter. The mean value of was calculated, and the value of the blank control was subtracted from the mean . The cell growth rate was calculated according to value in each group of cells per day. Cell growth rate in no. day = value on no. day / 伊 value on the first day 伊 100% . The cell growth curve was plotted according to the rate of cell growth ( axis) at the different times ( axis).
SP, NSP, and TOTAL cells were seeded into a 96well plate at a density of 600 cells/well, and 5 duplicate wells were set up for each group. In the control group, only complete medium was added. In the drugtreated groups, cisplatin was added at a final concentration of 0.2 PPC ( plasma peak concentration ). At the same time, groups without the drug were set up with the same number of cells. After a 2week cell culture, MTT assay was performed to determine value at 570 nm ( 570 ), and 570 in groups without drug treatment was used as the control. The cell proliferation inhibition rate (CPIR) was calculated according to the following formula: CPIR = (1 mean value in experimental group / mean value in control group) 伊 100%. SP and NSP cells were collected after a 10day cell culture in vitro. Then the single cell suspension of SP and NSP cells was prepared. After redyeing with Hoechst 33342, the percent of SP cells in SP and NSP cells was assayed by flow cytometry.
The 36 nude mice were randomly divided into 6 groups. After the single cell suspension of the SP and NSP cells was prepared, 1 伊 10 3 , 1 伊 10 4 , and 1 × 10 5 SP and NSP cells were injected into the subcutaneous tissue of the right axilla. Tumorigenic status was observed every day. Also, tumorigenic time was recorded. The mice were killed after 10 weeks and the rate of tumor formation was observed. The longest diameter (a) and the shortest diameter (b) of the tumor body were measured using a Vernier caliper, and the tumor volume was calculated according to the following formula:
Tumor volume (V, mm 3 ) = ab 2 π /6. Finally, the tumor was weighed.
All experiments were repeated more than three times. Data were presented as mean ± standard deviation (SD). The means between groups were co mpared by test using Graphpad Prism software. Statistical significance was considered if < 0.05.
Under fluorescence microscope , CFSEstained cytoplasm and nuclei of all H446 cells showed green fluorescence. In addition, most of the Hoechst 33342stained nuclei showed blue fluorescence, and a small portion of nuclei had no or relatively weak blue fluorescence. Through cell counting, the percent of Hoechst 33342 negative cells was about (5.1 依 0.2)% (Figure 1) . FACS detection results showed that SP cells existed in the H446 cell line, and the percent of SP cells was (6.3 依 0.1)% (Figure 2A ). After ABCG2 was blocked by verapamil, the percent of SP cells decreased to (0.1 依 0.0)% ( Figure 2B ). The sorting purity of SP and NSP cells was (98.4 依 0.1)% ( Figure 2C ) and (97.6 依 0.1)% (Figure 2D ), respectively. There was no significant morphologic difference between the sorted SP and NSP cells. Finally, the sorted SP and NSP cells were collected for further study under sterile conditions. SP cells had stronger capability of forming into suspended tumor cell spheres in SFM than NSP cells. After the 7day cell culture, SP and NSP cells could both form into suspended tumor cell spheres in SFM. However, the spheres formed by SP cells were more compact ( Figure 3A) , and the spheres formed by NSP cells were loose and showed an irregular shape ( Figure 3B ).
The results of RTPCR showed that the expressions of both CD133 and ABCG2 were high in SP cells and low in NSP cells, and the expression of nucleostemin was high in both SP and NSP cells ( Figure 4A ). The quantitative fluorescent PCR results suggested that the expression levels of ABCG2, CD133, and nucleostemin mRNA in SP cells were 21.60 依 0.26, 7.10 ± 0.14, and 1.02 依 0.08 times, respectively, of those in NSP cells ( < 0.01, < 0.01, and > 0.05) ( Figure 4B ). The peaks of the melting curve s of ABCG2, CD133, nucleostemin, and GAPDH all occurred at the same position, which suggests that the quantitative PCR amplification reaction was specific, and no nonspecific bands were amplified. A part of the amplification and melting curves of CD133 and GAPDH in the quantitative fluorescent PCR in SP and NSP cells is shown in Figures 4C and 4D . In vitro proliferative ability of SP cells was significantly stronger than either NSP or TOTAL cells. The cell growth curve was plotted according to the rate of cell growth ( axis) at different time ( axis). The proliferative ability in the SP cell group was significantly stronger than the NSP and TOTAL cell groups ( < 0.01) ( Figure 5 ).
The viability of SP cells with invitro drugresistance was significantly stronger than those of NSP and TOTAL cells. MTT assay results showed that the CPIR of SP, NSP, and TOTAL cells was (32.0 依 0.8)% , (67.3 依 1.6)% , and (66.5 依 1.5)% , respectively. Moreover, the CPIR of SP cells was significantly lower than that of NSP and TOTAL cells ( < 0.01).
SP cells could differentiate into NSP cells in vitro, but NSP cells could not differentiate into SP cells. After the sorted SP and NSP cells were cultured in vitro for 10 days, the cells were stained with Hoechst 33342 again and assayed by flow cytometry. The results showed that the percent of NSP cells in the SP cell group was (20.6 依 0.1)%, but the percent of SP cells in the NSP cell group was only (0.3 依 0.0)% . Therefore, it was demonstrated that SP cells could differentiate into NSP cells, but NSP cells could not differentiate into SP cells (Figure 6 ).
Accidental death of the mice did not occur during the experiment in any group. The oncogenic time, tumor formation rate, tumor volume, and mouse weight for each group are shown in Table 2 . A significant difference in oncogenic ability was found between SP and NSP cells ( < 0.01). Tumors could be formed with only 1 × 10 3 SP cells but needed at least 1 伊 10 5 NSP cells. Moreover, the volume and weight of the tumors formed by 1 伊 10 5 SP cells were both significantly bigger than those formed by 1 伊 10 5 NSP cells. In addition, there was not a significant difference of oncogenic time between SP and NSP cells ( > 0.05). Currently, the most authoritative method for sorting CSCs is by first identifying the specific markers of CSCs. Yet, in most cancers, CSCs cannot be sorted by this method because specific markers have not been discovered. However, FACS is a new research approach that can be used to investigate CSCs through the sorting of SP cells without requiring specific markers [6] . Researchers have already sorted SP cells and have further demonstrated their stemcelllike characteristics in many kinds of cancer cell lines and tissue, including central nervous system cancers [8] , ovarian cancer [9] , melanoma [10] , nasopharyngeal cancer [6] , pancreatic cancer [ 11] , and so on. In the present study, SP cells were sorted from human SCLC cell line H446 by flow cytometry, and their biologic characteristics were also detected in vitro, which provide an experimental basis for the further investigation of lung cancer stem cells.
In the present study, SP cells were detected by two methods. First, SP cells were stained with Hoechst 33342, and the characteristics of the SP cells were observed under a fluorescence microscope after redyeing with CFSE. According to Goodell .
[1]
, nucleus staining with Hoechst 33342 could generate blue fluorescence with various intensities, and the cells with no or weak staining were S P cells. In Figure 1 , nuclei show blue fluorescence with varied intensity, and a minority of nuclei had no or weak staining. Second, FACS was used to detect and sort SP cells. The related principle here is that Hoechst 33342 can generate both blue and red fluorescence under the excitation of ultraviolet light [1] . Moreover, blue and red fluorescence can be simultaneously detected in the analysis of SP cells, and the SP cells can be observed within a twovariable scatter diagram.
Comparing the two methods, observing SP cells by fluorescence microscopy was found to give a strong visual impression. However, only one kind of fluorescence was observed with fluorescence microscopy, and the observation could be affected by exposure time. Therefore, the specificity of the observation of SP cells by fluorescence microscopy was inferior to detection of SP cells by FACS. Currently, it is generally considered that an indivisible relationship exists between the origin of CSCs and normal stem cells [12] . In the present study, basic stemcelllike characteristics of the sorted SP cells were verified through a series of experiments, including plotting the growth curve, detecting the difference in drug resistance, determining differentiation ability, tumor formation in mice, and so on. The results suggested that SP cells not only had high proliferative activity, strong drug resistance, and multidirectional differentiation abilities in vitro, but also had strong oncogenic abilities in vivo. Moreover, we detected the expressions of stem cells genes CD133, ABCG2, and nucleostemin in SP and NSP cells. CD133 has been reported as a CSCs marker of many types of solid tumors, such as medulloblastoma , colon cancer , and others [ 13, 14] . ATPbinding cassette superfamily G member2 (ABCG2), also called breast cancer resistance protein (BCRP) or mitoxantrone resistanceassociated protein (MXR), is a membrane transport protein associated with multidrug resistance, which was separated and identified from human cancer cell line MCF7 in 1998 [15] . The expression of ABCG2 was found on the surface of multiplesource stem cell membranes, but could not be found in most mature cells. At present, ABCG2 is generally considered the determinant of stem cells. The high expression of ABCG2 has been reported to exist in SP cells in breast cancer and glioma cell lines. In addition, the percent of SP cells increased after SP cells were cultured with mitoxantrone. This drugselection effect may increase the percent of SP cells in tumor cells of patients, which further leads to drug resistance. Therefore, ABCG2 may become a target for cancer therapy [ 16] . In the present study, significant differences in the expressions of CD133 and ABCG2 between SP and NSP cells were demonstrated, which suggests that CD133
and ABCG2 might be relatively specific molecular markers of human SCLC stem cells. In addition, CSCs can be induced to form cell aggregates with suspended growth through many kinds of cytokines, including epidermal growth factor (EGF), in serumfree cultures. These cell aggregates are called tumor cell spheres [17] . In the present study, the sorted SP cells were cultured in a serumfree culture medium, and SP cells were found to have stronger capabilities of forming into tumor cell spheres than NSP cells. This phenomenon also suggests that the sorted SP cells contained plenty of CSCs.
Sorting SP cells by FACS is an effective method in studies on CSCs. However, this method has limitations. The main limitation is that SP cells cannot completely reflect the characteristics of CSCs. Although much research has shown that SP cells and stem cells have consistent molecular phenotypes and characteristics, some experiments have not confirmed this. For example, Triel . [18] demonstrated that SP cells separated from tissue did not always have the characteristics of stem cells. Therefore, the SP cells sorted by FACS are required to be further purified. In the present study, it was suggested that SCLC stem cells may be further purified by FACS sorting combined with CD133 and ABCG2 screening.
In summary, we detected and sorted the SP cells with characteristics of stem cells in SCLC cell line H446. Moreover, we also investigated some of the biologic characteristics of SP cells, which provided an important experimental basis for studies on the origins of SCLC and possible therapies.
